Levodopa (LD) has been the first choice in the management of Parkinson's disease (PD), since its introduction in the drug market; however, its prolonged use is related to the occurrence of motor complications, affecting the functionality and quality of life. Parkinson's disease is one of the most frequent among the neurodegenerative diseases in the world, and it is expected that the number of people who suffer it, will increase due to global population aging. The PD represents, nowadays and for the future, a high economic burden from all perspectives, including patients, payers, and society. So it is necessary to know about the use of LD in its treatment and to realize the quality of pharmacoeconomic studies in the past five years, to identify reliable sources of information related to the costs and benefits of this medication to contribute in making decisions. The aim of this paper is to assess the methodological quality of pharmacoeconomic studies related to the use of LD in PD, specifically those that are identified as cost-utility studies, applying the QHES instrument. A total of 19 articles were found, of which 5 met the inclusion criteria and were subjected to examination. The average overall score obtained after the evaluation was 77.2 out of 100, making evident a good quality of studies according to the method used.
Introduction
Since the Parkison's disease attributes were outlined in 1817 by English surgeon James Parkinson, there have been advanced to pinpoint what PD exactly is. Today, it is known that the Parkinson's disease is a neurodegenerative pathology, which attributes are tremors, hypokinesia, rigidity, and postural changes. Moreover, with the technology advancements, the PD's neurophysiological deficit is due to an affectation in the dopaminergic neurogenesis without a fully elucidated etiology [1, 2] . Since 1960's, Levodopa (LD) is part of the PD's treatment, and it is still a standard drug in the therapeutic arsenal for the disease's management [3] [4] [5] [6] [7] . Besides, it satisfies two of the most relevant aspect when assessing an anti-Parkinson's medication effectiveness, disability, and mortality. And despite LD's known side effects, its frequent use has not diminished considering the lack of achievement expected of the new medicines [8] .
It is estimated that PD's prevalence will double for the year 2050; moreover, the adverse effects of anti-Parkinson's medications will increase in a similar proportion. For this reasons, strategies have been designed to enhance the availability in the cerebral level and to increase the medication's plasma half-life with the passage of the years; for instance, sustained action LD was created, and it was associated with inhibitors of catechol-O-methyltransferase (COMT), like Entacapone and Tolcapone. Another strategy is the alternative dosage forms that have been employed for PD advanced patients, for example, it is used the continuous intraduodenal infusion method to maintain drug stable concentrations, thus, reducing the fluctuations [9, 10] .
Typically, PD studies have been focused on motor aspects; nevertheless, as new problematics are addressed, other pathologic aspects became relevant, like depression, cognitive deterioration, and behavior disorders. Other factors stir interest, for instance, a patient can be developed dementia in the PD's natural course, and how it affects the caregivers, who developed negative emotions and significant stress as result of caring for a chronically-ill person [11, 12] .
In Colombia, it is not possible to make a specific estimation of the PD's future in a local level because of the lack of recent epidemiologic data. The most recent is from the midnineties, EPINEURO, a neuro-epidemiologic baseline study, reported a prevalence of 4.7 (IC95%: 2.2 to 8.9) [13] . Accordingly, it is necessary to identify the use of LP in the PD's treatment and to determine the pharmacoeconomic studies' quality that has been done in the last five years. In the literature exists multiple systematic reviews of Parkinson's disease and others associated with the disease treatment [14] [15] [16] [17] [18] [19] [20] [21] . But, there are not quality evaluations of the publication's methodology focused on cost-utility studies of the LD used in the EP treatment.
The importance of conducting this kind of assessments is based on the fact that health care decisions and their subsequent resource distribution are taken, in many cases, based on the available literature as reference. The objective of this paper is to assess the methodological quality of the pharmacoeconomic studies related to the Levodopa use in Parkinson's disease treatment. Particularly, those studies catalog as a cost-utility study. Being the last one, the author's preference for that kind of study relates the natural course of the disease with its effects on the life quality of both the patients and caregivers. 
Inclusion and exclusion criteria
Internationally indexed articles were selected that comply with the following parameters: Adult population over eighteen years old, main diagnosis of Parkinson's disease, cost-utility analysis (CUA), Levodopa is included among one of the comparators, it must be in English or Spanish, and it was published in the period from January 1 
Quality assessment
The QHES (Quality of Health Economic Studies) instrument was implemented to evaluate the selected articles [22] . 16 criteria were established in the instrument, which determined the three types of health care economic analysis: minimizing costs, costeffectiveness, cost-utility; as shown in Table 1 .
The four researchers read independently and then categorize each article according to the 16 items of the instrument. Subsequently, criteria were unified in the points where a disagreement in the rating was evidenced.
Data mining
In the review of each one of the articles, the extracted data was relevant for the analysis of the evidence as comparators, perspective, measuring instrument of life quality, QALY, time horizon, cost per QALY gained, country, among others. Table 1 . QHES (Quality of Health Economic Studies) Instrument [22] .
Question Points Yes No
Results and discussion
Due to the implications in the life quality of those with Parkinson's disease (PD), only the cost-utility study was selected, which was subjected to the inclusion and exclusion criteria. In total 19 articles were found [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] , of which 5 met the inclusion criteria and were submitted to the respective analysis (Figure 1 ). The list of excluded studies is provided in Annex (1). In all the cases, Levodopa was found as a comparator, regardless of whether it was concomitantly administered with another therapy. Two of the studies have a social perspective; three studies include a third-party payer perspective, and only one has a health professionals perspective; clarifying that one of the studies was carried out from two perspectives. It should be noted that four of the five studies included a Markov model, thus simulating in a more 'realistic' way what occurs in the disease process. The articles belonged to the following countries: two from the United Kingdom, one from the United States, one from Netherlands, and one from Norway (Table 2) . Only two articles have a time horizon of fewer than two years; in both of them, the discount rate was not taken into account, in one of them because the time horizon was less than one year. As a relevant finding, all the studies stated the resources origins that financed the investigation, the great majority done by the pharmaceutical industry.
When evaluating the quality of pharmacoeconomic studies with the QHES (Quality of Health Economic Studies) instrument, it was found that all the studies reached an average score higher than 60, which reveals a good quality in the studies submitted to the qualification (Table 3) . The overall detailed analysis of Table 3 allowed to make the following observations:
1. The criteria 1, 2, 5, 6, 7, 13, and 16 were fully satisfied by all the articles. Those referred to the following considerations: the goal and methodology of the study's data mining were explicit, the analysis perspectives were always mentioned, an incremental analysis and the study model, as well as, the source of funding was always declared; moreover, a sensibility analysis was conducted in all the cases. For these results, a good quality can be partially attributed to the evaluated studies.
2. The estimation of used variables was described except in one article. In two articles, the discount rate was not explicitly given, and in another, the cost measurements were not fully described, the primary outcome measures were only specified in one article, and in only two cases, the measures of outcome were valid and reliable. In two articles, it did not discuss the magnitude of the potential biases and the conclusions were not clear concerning the model results.
Cost-utility study
Eggington et al. [23] , compared the deep cerebral stimulation combine with the best medical treatment as a management option for Parkinson's disease versus the best medical treatment independently (Levodopa and other antiparkinsonians) from a third -party perspective. Data of deep cerebral stimulation effects in the progressing PD symptoms from 6-months randomized clinical trial (RCD) were used to develop a Markov model, using a time horizon of 5 years. The total costs were: € 51,499 for deep brain stimulation combined with the best medical treatment, and € 36,023 for the best medical treatment independently (Levodopa and other antiparkinsonians), with QALYs of 2.21 and 1.21 respectively giving an incremental cost-effectiveness relation of € 15,440 per QALY gained. + Criteria found in the study.
-Article did not fulfill or partially fulfilled the criteria.
In the United Kingdom under the perspective used, the results suggest that deep brain stimulation is a cost-effective intervention in patients with advanced Parkinson's disease who are eligible for surgery. However, this information should be taken with caution in the Colombian context, due to the marked differences between the population and the health system of both countries. It is clarified that the costs reported and extracted from the articles were adjusted to the constant prices of October 2015 and were homogenized to a single currency (Euros), considering each country's consumer price index (CPI) and the publication date of each article.
Lowin et al. [27] is another study conducted in the United Kingdom, in which the intestinal gel of Levodopa/Carbidopa was evaluated, compared with the defined standard care as the best available oral medicine as medically determined in patients with advanced Parkinson's disease. A Markov model was used to quantify costs and results, with a lifetime horizon. An incremental cost per AVAC of € 29,048 was obtained for the intestinal gel of Levodopa/Carbidopa compared to standard care. The results were sensitive at the time of the treatment, health status at the start of treatment, and longterm benefit estimates. In this context, the intestinal Levodopa/Carbidopa gel is considered an effective treatment that improves the quality of life in advanced PD and should not be ignored despite the high cost involved, suggesting that this alternative could be considered cost-effective compared to standard care when other options of treatment are ineffective or inadequate. However, it is emphasized that more research is needed to fill gaps in information regarding the current data and to increase the robustness of the model.
In Norway, Lundqvist et al. [24] performed the study of a cohort of ten patients with advanced PD, who from an ineffective conventional (oral) treatment with LD switched to a new form of continuous intraduodenal administration of Levodopa (IDL). They had a follow-up of 12 months, used the unified scale of the PD to measure function and the questionnaire 15D for the quality of life. The objective of the study was to determine the costs and health consequences of the change from a conventional treatment to IDL; all from a social perspective. Although the data on effectiveness, safety, and quality of life results were proprietary, they mention the various limitations from a methodological point of view and conclude that the change in this type of therapy in patients with advanced disease is not cost-effective in their country due to an additional cost of € 88,166,638 per QALY gained.
In the study by Van Boven et al. [25] , the profitability of ropinirole prolonged release in Parkinson's disease versus ropinirole immediate release, when used as a complement to Levodopa, was estimated. A Markov model was developed that included the following aspects related to the treatment: (I) the rate of progression of the disease, (II) rates of dyskinesia, and (III) adherence to medication. The base case analysis showed a favorable pharmacoeconomic profile for ropinirole prolonged release versus ropinirole immediate release. Overall, cost savings combined with moderate gains in life quality are considered and profitability remained acceptable within the investigated limits. In this study, it is concluded that ropinirole prolonged release presents a high probability of cost savings or at least being considered cost-effective in the Netherlands when compared to ropinirole immediate release when used as a complement to Levodopa. It should be clarified that the article mentions how the cost per QALY can be calculated and the necessary data to do it; however, it does not present the punctual value, which was calculated by the researchers of this evaluation, obtaining a value of € 113600.
A study conducted in the United States by Groenendaal et al. [26] aimed to evaluate the cost-utility of rasagiline or Entacapone as an adjuvant to Levodopa versus Levodopa/ Carbidopa/Entacapone (LCE) and also in comparison to standard monotherapy with Levodopa in patients with advanced PE and motor fluctuations in that country. The study was carried out under two perspectives, from the perspective of society and from the perspective of the third payer, using a Markov model in which they performed six cycles of four months for a two-year time horizon with three health states and using the odds of varying from one health condition to another as reported in controlled clinical trials. The results show a higher cost-effectiveness in the use of rasagiline plus Levodopa, with cost-per-QALY data earned € -15,905 and Levodopa-CarbidopaEntacapone-€ 17,051, when assessed from the perspective of the third-party payer. Moreover, better results are gained with the alternative of Entacapone plus Levodopa (cost per QALY gained € -14,560), assessed from the social perspective.
In all of the articles evaluated, the cost of QALYs gained was recalculated, which is presented underlined in Table 4 , to compare it with the value reported by the authors. In all cases, there were minor differences; nonetheless, in the analysis performed by Van Boven et al. [25] as mentioned above, a punctual value was not presented. * Costs reported and extracted from the articles were adjusted to constant prices of October 2015 and were homogenized to a single currency (Euros); considering each country's consumer price index (CPI) and the publication date of each article.
Strength and limitations
The assignment of resources for health is limited in the case of the Colombian system. It is not based solely on economic considerations; it requires the opinion of experts and the review of economic analyses. Therefore, a quality analysis of information such as the one carried out in this research is relevant, especially for a disease, such as, Parkinson's disease whose prevalence is expected to increase over the years, and the decisions taken should take into account the improvement in the life quality of the patient along with the reduction of social burden.
Regarding the evaluation of the studies with the QHES (Quality of Health Economic Studies) instrument, a good quality was generally found because an average score of more than 60 was always obtained. This can be correlated with the detailed description in each article of aspects such as the objective, data mining methodology, analysis perspective, study model, the source of funding, and sensitivity analysis. Regarding applicability, it is important to note that the interventions, the comparator, and the country in which each study was performed, since, the costs reported were clearly described, and in all cases, the study population was appropriate for the subject evaluated [42, 43] .
It is appropriate to mention the multiple methodological limitations of pharmacoeconomic assessments: results are obtained from assumptions that are supported by probabilities, sensitivity analyses do not necessarily have the capacity to reflect the reality of population behavior nor the different scenarios that arise in the course of the diseases, particularly those of neurological origin. Likewise, the external validity of these articles is low due to the reduced possibility that the results can be extrapolated to different regions from a social, cultural, and economic point of view. Authors such as Welte et al. [44] propose transfer criteria to evaluate, such as perspective, discount rate, cost approach, health system characteristic, variability in clinical practice, availability of technology, epidemiological variables of Illness, life expectancy, preferences for socioeconomic status, productivity, and lost work time, among others.
It is necessary to determine in each case: the correspondence between the country of study and the country of decision, the degree to which the criterion is relevant to the technology investigated and the likely effect of the transfer criterion on the results [43] , evidencing this is the need to carry out studies that evaluate the life quality in PE and the costs from different perspectives in Latin America, so as to allow adequate decision making based on methodologically structured studies.
Conclusions
In this study, a review of the pharmacoeconomic evaluations for the use of Levodopa in Parkinson's disease was carried out, based on the QHES instrument [22] , which qualifies methodological quality and has been used by other authors previously [45] [46] [47] [48] [49] .Only the articles that met inclusion criteria and were considered of cost-utility were taken, finding that the five articles analyzed obtained an overall average score of 77.2 out of 100. This reflects that these studies are of good quality, and this is probably attributable to the fact that they were recently carried out following the current guidelines.
Latin American articles were not found in the systematic search carried out. Therefore, it is necessary to conduct own studies that may be closer to our reality, taking into account the differences in the population, the resources destined for health, and the therapeutic alternatives employed. 
